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Description
TECHNICAL FIELD

[0001] The present invention relates to ink composi-
tions for thermal ink-jet printing in a printer such as
Hewlett-Packard's DeskJet® printer.

BACKGROUND ART

[0002] Thermal ink-jet printers offer a low cost, high
quality, and comparatively noise-free option to other
types of printers commonly used with computers. Such
printers employ a resistor element in a chamber provid-
ed with an egress for ink to enter from a plenum. The
plenum is connected to a reservoir for storing the ink. A
plurality of such resistor elements are arranged in a par-
ticular pattern, called a primitive, in a printhead. Each
resistor element is associated with a nozzle in a nozzle
plate, through which ink is expelled toward a print me-
dium. The entire assembly of printhead and reservoir
comprise an ink-jet pen.

[0003] In operation, each resistor element is connect-
ed through a conductive trace to a microprocessor,
where current-carrying signals cause one or more se-
lected elements to heat up. The heating creates a bub-
ble of ink in the chamber, which is expelled through the
nozzle toward the print medium. In this way, firing a plu-
rality of such resistor elements in a particular order in a
given primitive forms alphanumeric characters, per-
forms area-fills, and provides other print capabilities on
the medium.

[0004] Ink-jet inks used in thermal ink-jet printing typ-
ically comprise a colorant and a vehicle, with the vehicle
often containing water and other relatively low surface
tension liquids.

[0005] The tighttolerances of the nozzles (typically 50
mm diameter) require that the ink not clog the nozzles.
Further, repeated firings of the resistor elements, which
must withstand about 10 million firings over the life of
the ink cartridge, can result in fouling of the resistor el-
ement. Finally, the ink composition must be capable of
interacting with the print medium, especially paper, to
penetrate the paper without undue spreading, and the
ink composition should be smear and water resistant on
the paper.

[0006] In commercially-available thermal ink-jet color
printers, such as the DeskJet® printer available from
Hewlett-Packard Company, a color spectrum is
achieved by combining yellow, magenta, and cyan inks
in various proportions. The color spectrum achievable
by combining a set of colored inks is called the color
gamut of the ink set. The color gamut is always a subset
of the theoretical available color spectrum.

[0007] One reason for not achieving the theoretically
available spectrum is that the intensity of a particular
ink, as it appears on the print medium, cannot effectively
be raised above a particular level. Therefore, colors in
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the spectrum which need a higher intensity of a partic-
ular colorant than can be delivered to the print medium
cannot be produced. Increasing the optical density of
the colorant increases the achievable intensity of the
particular color, which will result in a larger color gamut.
The optical density of a colorant as it appears on the
print medium depends on a number of factors including
the concentration of the colorant in the ink and the vol-
ume of ink that can be delivered to the medium. Typi-
cally, the concentration of the colorant cannot be raised
to increase the intensity on the paper without sacrificing
other important aspects of the ink formulation.

[0008] Another cause of reduced color gamut is that
some of the colorant penetrates into the print medium
especially when the medium is paper. When this hap-
pens the apparent intensity of the colorant in the printed
region is lower than expected based on the amount of
colorant delivered to the surface of the print medium. A
way of alleviating this problem is to insure that the col-
orant remains on the surface of the paper or, phrased
differently, to prevent colorant penetration deep into the
paper fiber.

[0009] Inks are known which possess one or more of
the foregoing properties. However, few ink compositions
are known that posses all of those properties, since an
improvement in one property often results in the degra-
dation of another. Thus, inks used commercially repre-
sent a compromise in an attempt to achieve an ink evi-
dencing at least an adequate performance in each of
the aforementioned properties.

[0010] Bleed alleviation between color inks has been
investigated in recent years, due to the introduction and
subsequent increase in use of color ink-jet printers. A
number of approaches have been used, including (1)
added salt, (2) added organic acids, and (3) microemul-
sion inks. Such approaches have employed macromo-
lecular chromophores (MMCs), which are ionic color-
ants, as the colorant. The ionic colorants comprise wa-
ter-insoluble pigments, the surface of which are treated
to substitute ionic functional groups (acidic or basic)
thereonto. This treatment results in water-solubility of a
large or macromolecular pigment particle. Such treated
particles are called macromolecular chromophores
(MMCs).

[0011] The added salt results in a salt-out effect and
relies on the fact that the addition of a salt, such as NaCl,
to a solution significantly increases the solution's chem-
ical potential, primarily the ionic strength. When highly
charged particles such as macromolecular chromo-
phores (MMCs) are in contact at the interface of a dif-
fering solution of higher ionic strength (e.g., MMC in low
ionic strength in one solution and high ionic strength in
another), then the salt-out effect takes place, which
causes rapid flocculation of MMCs. At this point, MMCs
precipitate from solution, thus preventing bleed into the
adjacent area.

[0012] The added organic acid results in a limited sol-
ubility effect, and relies on the fact that when organic
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acids are present in appreciable amounts in color inks,
the organic acids primarily raise the pH as well as the
ionic strength of the solution. Upon contact at the inter-
face, anionic MMCs are converted to the free acids,
which are considerably less water-soluble than the ionic
form, particularly in the case of carboxylated MMCs.
These MMCs rapidly precipitate from solution, thereby
alleviating bleed into the adjacent area.

[0013] Microemulsion inks in which the MMCs are as-
sociated with amphiphiles and surfactants, are dis-
closed in U.S. Patent 5,106,416, issued to John R. Mof-
fatt et al, and U.S. Patent 5,116,409, issued to John R.
Moffatt (here, the chromophores are water-soluble
dyes), and in U.S. Patent 5,531,816, issued to Palitha
Wickramanayake (here, the MMCs are water-insoluble
pigments).

[0014] Investigations continue into developing ink for-
mulations that have improved properties such as low
bleed, high edge acuity, high optical density, fast drying
times, good waterfastness, and good smearfastness
without sacrificing performance in other necessary
properties.

DISCLOSURE OF INVENTION

[0015] In accordance with the invention, an ink-jet ink
set used in ink-jet printing is provided wherein the color
bleed, edge acuity, optical density, drying time, water-
resistance, and smear-resistance of the inks are im-
proved through the use of a black microemulsion-based
ink-jet ink in conjunction with color inks, whether dye-
based or pigment-based, that are provided with in-
creased ionic strength compared to the black ink.
[0016] The interaction between the color inks and the
black modified pigment-based ink enhances print qual-
ity, reduces the halo-effect and controls bleed. The halo-
effect occurs when two inks of different chemical poten-
tials including surface tension are printed adjacent each
other. At the interface between the two inks, there is ap-
parently a depletion of optical density, resulting in the
appearance of a "halo". The present invention alleviates
this halo effect.

[0017] The colorants suitably employed in the prac-
tice of the present invention include all chemically-mod-
ified, water-soluble pigments. The chemical modifica-
tion approach differs from the conventional pigment dis-
persions, which require solubilizing additions such as
amphiphilic polymers and like surfactant species to sol-
ubilize water-insoluble colorants. In aqueous solutions,
the chemically modified chromophores possess excel-
lent water solubility without the use of other solubilizing
additives, such as amphiphilic polymers and sur-
factants. Black inks prepared from these water-soluble
chromophores that are printed on print media evidence
black optical density as high as is commonly found in
LaserJet® toners and inks.

[0018] The present invention provides an ink-jet set
comprising at least two inks for use with ink-jet printers,
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as follows:
(a) a black ink comprising:

(i) a first vehicle comprising (1) about 0.1 to 50
wt% of at least one substantially water-insolu-
ble organic oil, (2) 0 to about 50 wt% of at least
one first organic co-solvent, (3) 0 to about 40
wt% of at least one first amphiphile, and (4) 0
to about 3 wt% of at least one high molecular
weight colloid;

(i) about 0.5 to 20 wt% of at least one black
colorant which consists essentially of black pig-
ment particles, the surface of which has been
chemically treated to substitute ionic functional
groups resulting in water-solubility of the pig-
ment particles; and

(iii) the balance water,

wherein said first ink exists as a microemulsion of
said components, and
(b) at least one second, non-black ink comprising:

(i) a second vehicle comprising 0 to about 50
wt% of at least one second organic co-solvent
and 0 to about 40 wt% of at least one second
amphiphile;

(i) about 0.5 to 20 wt% of at least one non-black
colorant consisting essentially of a water-solu-
ble color dye or a chemically-modified, water-
soluble color pigment;

(iii) an agent for increasing ionic strength of said
non-black ink; and

(iv) the balance water.

[0019] Additionally, in further accordance with the in-
vention, a method of ink-jet printing which uses the dis-
closed inks and exploits the inks' properties is provided.

BEST MODES FOR CARRYING OUT THE
INVENTION

[0020] By definition, a classical microemulsion con-
sists of swelled micelles in solution. In the present in-
vention, a microemulsion is defined as a stable, isotropic
solution that consists of an oil (a substantially water-in-
soluble organic compound), an amphiphile/surfactant,
an organic co-solvent, and water. Regardless of the
identity of the micelles, they must be present at a high
enough concentration so that the desired physical struc-
ture of the microemulsion will form. Traditionally, this
minimum microemulsion concentration has been called
the critical microemulsion concentration (cmc). If the
concentration of micelles in solution is below the cmc,
the microemulsion will not form. Without subscribing to
any particular theory, it is speculated that the water-sol-
uble chromophore or colorant is dissolved in the aque-
ous phase in these microemulsions.
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[0021] In water-soluble dye based inks, color to color
bleed control has been demonstrated through the use
of the appropriate amphiphiles and surfactants in ink for-
mulations (see, e.g., U.S. Patents 5,106,416 and
5,116,409). Dye and micellular and microemulsion inter-
actions greatly reduce lateral migration which would oth-
erwise lead to mixing at the color interfaces: color bleed.
This interaction is further improved by the addition of a
high molecular weight colloids (see, U.S. Patent
5,133,803).

[0022] By employing an ink set in which some of the
members of the set consist of inks containing an inor-
ganic salt or an organic acid to increase the ionic
strength of that ink and other members contain chemi-
cally modified pigments dissolved in a low ionic strength
aqueous medium, bleed alleviation can be achieved by
precipitation of the chemically modified pigments. Fur-
ther, the chemically modified pigments are no longer ca-
pable of penetration into the medium, thereby resulting
in improved color density and edge acuity. While a typ-
ical embodiment will consist of using a chemically mod-
ified pigment based black ink and dye-based color inks,
the underlying flocculation-inducing process is not lim-
ited to an ink set using a black modified pigment based
inks and color dye-based inks. Likewise, the current in-
vention covers all ink sets which contain inks made from
any chemically modified pigment and inks made from
any dyes.

[0023] The dye-based components of the ink sets dis-
closed in this invention are intended to encompass any
ink made with any aqueous dye that also contains added
inorganic salt or a poly-electrolyte molecule (i.e. a single
molecule that contains many charge centers). This in-
cludes the color inks for the Deskjet® 500, 600 and 800
series printers. Aqueous dye-based inks are well known
to those of skill in this art and are well disclosed in many
other patents. For this reason, the discussion included
below focuses on inks made from chemically modified
pigments.

[0024] All concentrations herein are expressed in
weight percentages, unless otherwise indicated. The
purity of all components is that employed in normal com-
mercial practice for ink-jet inks.

Black Ink

[0025] A typical formulation for the black chemically
modified pigment-based ink useful in the practice of the
present invention includes an oil (about 0.1 to 50 wt%),
a co-solvent (0 to about 50 wt%), a colorant (about 0.5
to 20 wt%), an amphiphile (0 to about 40 wt%), a high
molecular weight colloid (0 to about 3 wt%), and water.
The ink must at least include the oil, the colorant, the
amphiphile or surfactant, the co-solvent, and water.

[0026] Any substantially water-insoluble organic sol-
vent that is compatible with all the other components of
the ink may be employed as an oil in the practice of the
presentinvention. Classes of useful oils include, but are
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not limited to, glycol ethers, phenyl ethers, poly(glycol)
ethers, alkyl ethers, aryl ethers, alkylaryl ethers, alkyl
esters, aryl esters, poly(glycol) esters, alkyl phenyl pol-
yethylene oxides, aliphatic polyethylene oxides (POE)
(TERGITOLs and BRIJs are available from Union Car-
bide and ICI America, respectively), water-insoluble
acetyleneic polyethylene oxide (insoluble
SURFYNOLS, available from Air Products & Chemicals,
Inc.), polyethylene oxide block copolymers (PLURON-
ICS, available from BASF), POE esters, POE diesters,
POE amines, POE amides, and dimethicone copolyols.
The BRIJs, TRITONs, TERGITOLs, PLURONICs, and
SURFYNOLSs are more fully disclosed in U.S. Patent
5,106,416. As will be discussed below, many of these
classes of oils encompass molecules that are also use-
ful as surfactants in the practice of this invention. The
main distinguishing feature between actual examples of
molecules useful as oils and examples of molecules
useful as surfactants or amphiphiles is that the sur-
factant (or amphiphile) molecules typically have longer
carbon chain lengths and are more water soluble than
the oils. Further, an amphiphile or surfactantis more wa-
ter-soluble in the absence of other co-surfactants and
thus is preferred. Specific examples of substantially wa-
ter-insoluble organic oils that are preferably employed
in the practice of this invention include, but are not lim-
ited to, ethylene glycol phenyl ether (EPH) and propyl-
ene glycol phenyl ether (PPH). The most preferred oil is
EPH. The oil concentration may range from about 0.1
to 50 wt%, with 2.5 wt% being preferred. The solubility
of the oil in water must be below about 3.0% (the max-
imum solubility of EPH in water).

[0027] The co-solvent may be used as a separate
component or as a replacement for the amphiphile/sur-
factant. This means that in some embodiments of the
invention the micelles may contain co-solvent mole-
cules. Classes of compound employed in the practice
of this invention include, but are not limited to, aliphatic
alcohols, aromatic alcohols, diols, glycol ethers, poly
(glycol) ethers, caprolactams, formamides, acetamides,
and long chain alcohols. Examples of compounds em-
ployed in the practice of this invention include, but are
not limited to, primary aliphatic alcohols of 30 carbons
or less, primary aromatic alcohols of 30 carbons or less,
secondary aliphatic alcohols of 30 carbons or less, sec-
ondary aromatic alcohols of 30 carbons or less, 1,2-al-
cohols of 30 carbons or less, 1,3-alcohols of 30 carbons
or less, 1,m-alcohols of 30 carbons or less, ethylene gly-
col alkyl ethers, propylene glycol alkyl ethers, poly(eth-
ylene glycol) alkyl ethers, higher homologs of poly(eth-
ylene glycol) alkyl ethers, poly(propylene glycol) alkyl
ethers, higher homologs of poly(propylene glycol) alkyl
ethers, N-alkyl caprolactams, unsubstituted caprol-
actams, substituted formamides, unsubstituted forma-
mides, substituted acetamides, and unsubstituted
acetamides. Specific examples of co-solvents that are
preferably employed in the practice of this invention in-
clude, but are not limited to, 1,5-pentanediol, 2-pyrro-
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lidone, 2-ethyl-2-hydroxymethyl-1,3-propanediol, dieth-
ylene glycol, 3-methoxy-butanol, and 1,3-dimethyl-
2-imidazolidinone. The co-solvent concentration may
range from 0 to about 50 wt%, with about 0.1 to 15 wt%
being preferred.

[0028] For convenience, examples of surfactants are
divided into two categories: (1) non-ionic and amphoter-
ic and (2) ionic. The former class includes: TERGITOLSs;
TRITONSs, which are alkyl phenyl polyethylene oxide
surfactants available from Union Carbide; BRIJs;
PLURONICs; and the SURFYNOLSs; POE esters; POE
diesters; POE amines; protonated POE amines; POE
amides; and dimethicone copolyols. lonic surfactants
such as substituted amine oxides are useful in the prac-
tice of this invention. U.S. Patent 5,106,416 discloses
more fully most of the surfactants listed above. The non-
ionic amphiphiles/surfactants are more preferred than
the ionic surfactants. Specific examples of amphiphiles/
surfactants that are preferably employed in the practice
of this invention include, but are not limited to, iso-hex-
adecyl ethylene oxide 20 (available from ICI America as
ARLASOLVE 200), SURFYNOL CT-111, and TERGI-
TOL 15-S-7. The concentration of the amphiphiles/sur-
factants may range from 0 to about 40 wt%, with 2.5
wt% being preferred.

[0029] Colorants suitable for use in this invention in-
clude all chemically modified water-soluble pigments.
Black pigments are discussed immediately below, while
color pigments are discussed in connection with the
colorinks, below. The chemical modification imparts wa-
ter-solubility to the pigment particle. The water-insoluble
precursors encompass all organic pigments. Under typ-
ical chemical processes, the resulting surfaces consist
of carboxylate and/or sulfonate functionalities for anion-
ic chromophores, and ammonium or phosphonium func-
tionalities for cationic chromophores. Depending on the
process selected, the chromophore can either be ani-
onic or cationic in character. For example, acidic func-
tionality such as sulfonic acid functionalization results
from exhaustive sulfonation with fuming sulfuric acid,
while carboxylic acid groups result from either chemical
or catalytic oxidative reactions. Conversely, basic
chromophores containng ammonium ions result from
reductive amidation reactions.

[0030] These water-soluble black chemically modi-
fied pigments are commercially available from colorant
vendors such as Cabot Corp. and Orient Chemical.
Many pigments are useful in the practice of this inven-
tion. The following pigments are useful in the practice of
the invention, however this listing is not intended to limit
the invention. The following pigments are available from
Cabot: Monarch® 1400, Monarch® 1300, Monarch®
1100, Monarch® 1000, Monarch® 900, Monarch® 880,
Monarch® 800, and Monarch® 700. The following pig-
ments are available from Columbian: Raven 7000,
Raven 5750, Raven 5250, Raven 5000, and Raven
3500. The following pigments are available from Degus-
sa: Color Black FW 200, Color Black FW 2, Color Black
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FW 2V, Color Black FW 1, Color Black FW 18, Color
Black S 160, Color Black S 170, Special Black 6, Special
Black 5, Special Black 4A, Special Black 4, Printex U,
Printex V, Printex 140U, and Printex 140V. The following
pigment is available from DuPont: Tipure® R-101.
[0031] For anionic chromophores, the counterions in-
clude all alkali metal ions, alkaline earth ions, unsubsti-
tuted ammonium ions, and substituted ammonium ions.
For cationic chromophores, counterions include all hal-
ide, sulfate, nitrate, phosphate, sulfonate, carboxylate,
carbonate, bicarbonate, borate, tetraborate, tetrafluor-
oborate, methane sulfonate, methyl benzene sulfonate,
phosphite, phosphonate, hexafluorophosphonate, per-
chlorate, tungstate, molybdate, and silicate ions.
[0032] A preferred pigment is a chemically treated
carbon black particle with mean diameter ranging from
about 5 to 12,000 nm. Colorants of this type result from
chemical reactions where solvent-accessible functional
groups are derivatized to provide solubilizing groups
that render the colorant soluble in water. This resulting
chemically modified pigment has a water-solubility sim-
ilar to that of well known and commercially used water-
soluble acidic and basic dyes.

[0033] To improve optical density, between 0 and
about 3 wt% of a high molecular weight colloid derived
from natural or synthetic sources may optionally be add-
ed to the ink formulation. Addition of a high molecular
weight colloid improves print quality. Examples of high
molecular weight colloids employed in the practice of
this invention include, but are not limited to, alginates,
mannuronic acid, carageenan, guar gum, xanthan gum,
dextran, chitin, chitosan, carboxymethylcellulose, ni-
tromethylcellulose, and all derivatives thereof. These
colloids are disclosed in U.S. Patent 5,133,803. The pre-
ferred high molecular weight colloids employed in the
practice of this invention include, but are not limited to,
low viscosity, Na alginate. The preferred concentration
of the high molecular weight component colloid in the
inks of this invention is about 0.25 wt%.

[0034] The preferred composition of ink consists of an
oil, a surfactant, a co-solvent, and a modified pigment.
The preferred oil is EPH or PPH, present at less than 5
wt%. The surfactant is a BRIJ, PLURONIC or TERGI-
TOL, present between about 0.1 and 3 wt%. The co-
solvent is a mixture of 1,5-pentane diol, diethylene gly-
col, and 2-pyrrolidone, the mixture comprising a total of
about 5 to 20 wt% of the composition. The modified pig-
ment is a MMC, present between about 3 and 10 wt%.
The ingredients are combined and stirred mechanically
or emulsified using low power sonication. It is well-
known that either method of mixing forms stable micro-
emulsions.

[0035] Consistent with the requirements for this in-
vention, various types of additives may be employed in
the ink to optimize the properties of the ink composition
for specific applications. For example, as is well-known
to those skilled in the art, biecides may be used in the
ink composition to inhibit growth of microorganisms, se-
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questering agents such as EDTA may be included to
eliminate deleterious effects of heavy metal impurities,
and buffer solutions may be used to control the pH of
the ink. Other known additives such as viscosity modi-
fiers and other acrylic or non-acrylic polymers may be
added to improve various properties of the ink compo-
sitions as desired.

Color Inks

[0036] The color (non-black) inks, typically, cyan, yel-
low, and magenta, used in the ink-jet ink set of the in-
vention may comprise any of the well-known water-sol-
uble dyes and pigments employed in ink-jet printing. The
vehicle employed depends on whether a water-soluble
dye or a pigment is used.

[0037] Examples of water-soluble dyes include the
sulfonate and carboxylate dyes. These are well-known,
and have been extensively discussed in other patents,
including U.S. Patents 5,342,439 and 4,963,189.
[0038] The following pigments are useful in the prac-
tice of the invention, however this listing is not intended
to limit the invention. The following pigments are avail-
able from BASF: Paliogen® Orange, Heliogen® Blue L
6901 F, Heliogen® Blue NBD 7010, Heliogen® Blue K
7090, Heliogen® Blue L 7101F, Paliogen® Blue L 6470,
Heliogen® Green K 8683, and Heliogen® Green L 9140.
The following pigments are available from Ciba-Geigy:
Chromophtal® Yellow 3G, Chromophtal® Yellow GR,
Chromophtal® Yellow 8G, Igrazin® Yellow 5GT, Igral-
ite® Rubine 4BL, Monastral® Magenta, Monastral®
Scarlet, Monastral® Violet R, Monastral® Red B, and
Monastral® Violet Maroon B. The following pigments
are available from Heubach: Dalamar® Yellow YT-
858-D and Heucophthal® Blue G XBT-583D. The fol-
lowing pigments are available from Hoechst: Permanent
Yellow GR, Permanent Yellow G, Permanent Yellow
DHG, Permanent Yellow NCG-71, Permanent Yellow
GG, Hansa Yellow RA, Hansa Brilliant Yellow 5GX-02,
Hansa Yellow-X, Novoperm® Yellow HR, Novoperm®
Yellow FGL, Hansa Brilliant Yellow 10GX, Permanent
Yellow G3R-01, Hostaperm® Yellow H4G, Hostaperm®
Yellow H3G, Hostaperm® Orange GR, Hostaperm®
Scarlet GO, and Permanent Rubine F6B. The following
pigments are available from Mobay: Quindo® Magenta,
Indofast® Brilliant Scarlet, Quindo® Red R6700, Quin-
do® Red R6713, and Indofast® Violet. The following
pigments are available from Sun Chem: L74-1357 Yel-
low, L75-1331 Yellow, and L75-2577 Yellow.

[0039] As withthe black pigment-based inks, low ionic
strength microemulsion (nonionics, for example) MMC-
based color inks can be formed which are quite stable.
Bleed alleviation is achieved through colorant-micellar
mediated interactions, such as disclosed in U.S. Patents
5,106,416 and 5,116,409, and not by a flocculation
mechanism.

[0040] The pigmentis chemically modified, as with the
black pigment, and may be either cationic or anionic.
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The counter-ion employed is selected from the same
groups as given above for the black pigment.

[0041] In the event that a water-soluble dye is em-
ployed in the color ink, then the vehicle comprises at
least one co-solvent selected from the list given above,
in the concentration range given above. The vehicle
may also include one or more amphiphiles, whether cat-
ionic, anionic, or non-ionic, in the concentration range
given above.

[0042] The the vehicle comprises at least one co-sol-
vent selected from the list given above, in the concen-
tration range given above. The vehicle may also include
one or more amphiphiles, selected from the list given
above, in the concentration range given above.

[0043] As above, consistent with the requirements for
this invention, various types of additives may be em-
ployed in the ink to optimize the properties of the ink
composition for specific applications. For example, as
is well-known to those skilled in the art, biocides may be
used in the ink composition to inhibit growth of microor-
ganisms, sequestering agents such as EDTA may be
included to eliminate deleterious effects of heavy metal
impurities, and buffer solutions may be used to control
the pH of the ink. Other known additives such as viscos-
ity modifiers and other acrylic or non-acrylic polymers
may be added to improve various properties of the ink
compositions as desired.

[0044] In order to achieve the flocculation desired to
alleviate bleed, then the ionic strength of the color ink
must be increased. This is accomplished by adding ei-
ther a simple salt or an organic acid to any or all of the
color ink compositions.

[0045] The ionic strength of the color ink is increased
by at least about 20% relative to the ionic strength of the
black ink, preferably at least about 30%, and mosT pref-
erably at least about 50%. The upper end can range up
to several hundred percent, and is limited only by any
adverse affect such salt or organic acid might have on
the pen materials or on the jetting properties of the ink.
The determination of ionic strength may be made, for
example, by conductivity measurements, and is not con-
sidered to constitute undue experimentation.

[0046] Simple salts include the monovalent and mul-
tivalent chlorides, fluorides, bromides, nitrates, and to-
sylates of alkali metals and alkaline earths. Examples
of salts include NaCl, CsCl, LiCl, KCI, MgCl,, CaCl,, Ca
(NO3),, and Mg(NQO3),. The amount of the salt is in the
range of about 0.5 to 10 wt%, based on the total com-
position of the color ink.

[0047] Simple organic acids, mono and polyfunctional
acids, and hydroxy acids may alternatively be em-
ployed. Examples of acids include acetic acid, citric ac-
id, glycolic acid, succinic acid, adipic acid, tartaric acid,
polysulfonic acid, polyvinyl sulfonic acid, and 4-morpho-
line ethane sulfonic acid (MES, often used as a buffer
in ink-jet inks). The amount of the acid is that amount
sufficient to adjust the pH of the color ink to a value of
less than 5.
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[0048] In addition to colloidal bleed alleviation (use of
surfactants in both black and color inks), further im-
provement in bleed alleviation is obtained by exploiting
the ionic effect of the color inks. This is accomplished
by the addition of either salts or organic acids. Added
salts such as NaCl affect only the ionic strength of the
solution, but not the pH of the solution. Organic acids,
on the other hand, affect both pH and the ionic strength
of the solution. Both routes generate the same effect on
flocculation of chemically modified pigment-based black
inks. Consequently, the term "non-specific ionic, pH,
and colloidal effects" is used herein to describe this re-
sult.

[0049] Printing a color ink prepared in accordance
with the teachings above adjacent a chemically-modi-
fied, pigment-based black ink results in flocculation of
the pigment, which precipitates the colorant out of solu-
tion of the black ink and prevents bleed of the black ink
into the color ink.

INDUSTRIAL APPLICABILITY

[0050] The ink-jetink sets of the invention are expect-
ed to find use in thermal ink-jet printing, especially where
the improved ink characteristics disclosed herein, such
as high edge acuity, high optical density, fast drying
time, low bleed, waterfastness, and smearfastness, are
desired.

[0051] Thus, there has been disclosed an ink-jet ink
set for thermal ink-jet printing comprising (a) a black ink
comprising microemulsion of a vehicle, a water-soluble
chemically-modified black pigment, and water and (b) a
non-black ink comprising an aqueous solution of a non-
black chromophore, together with an agent that increas-
es the ionic strength of the non-black ink relative to that
of the black ink.

Claims

1. An ink-jet set comprising at least two inks for use
with ink-jet printers:

(a) a black ink comprising:

(i) a first vehicle comprising (1) about 0.1
to 50 wt% of at least one substantially wa-
ter-insoluble organic oil, (2) 0 to about 50
wt% of at least one first organic co-solvent,
(3) 0 to about 40 wt% of at least one first
amphiphile, and (4) 0 to about 3 wt% of at
least one high molecular weight colloid;
(i) about 0.5 to 20 wt% of at least one black
colorant which consists essentially of black
pigment particles, the surface of which has
been chemically treated to substitute ionic
functional groups resulting in water-solubil-
ity of the pigment particles; and
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(iii) the balance water,

wherein said first ink exists as a microemulsion
of said components, and
(b) at least one second, non-black ink compris-

ing:

(i) a second vehicle comprising 0 to about
50 wt% of at least one second organic co-
solvent and 0 to about 40 wt% of at least
one second amphiphile;

(i) about 0.5 to 20 wt% of at least one non-
black colorant consisting essentially of a
water-soluble color dye or a chemically-
modified, water-soluble color pigment;

(iii) an agent for increasing ionic strength
of said non-black ink; and

(iv) the balance water.

The ink-jet ink set of claim 1, comprising the said
black ink and three non-black inks; cyan, yellow,
and magenta.

The ink-jet ink set of claim 1, wherein said colorant,
black or non-black, is either (a) anionic and is as-
sociated with a counterion selected from the group
consisting of alkali metal ions, alkaline earth meth-
od ions, substituted ammonium ions, and unsubsti-
tuted ammonium ions, or (b) cationic and is associ-
ated with a counterion selected from the group con-
sisting of halide, sulfate, nitrate, phosphate, sul-
fonate, carboxylate, carbonate, bicarbonate, bo-
rate, tetraborate, tetrafluoroborate, methane sul-
fonate, methyl benzene sulfonate, phosphite, phos-
phonate, hexafluorophosphonate, perchlorate,
tungstate, molybdate, and silicate ions.

The ink-jet ink set of Claim 1 wherein said organic
oil comprises at least one compound selected from
the group consisting of glycol ethers, phenyl ethers,
poly(glycol) ethers, alkyl ethers, aryl ethers, alkylar-
yl ethers, alkyl esters, aryl esters, poly(glycol) es-
ters, alkyl phenyl polyethylene oxides, polyethylene
oxide, water-insoluble acetylenic polyethylene ox-
ides, polyethylene oxide block copolymers, polyeth-
ylene oxide esters, polyethylene oxide diesters, pol-
yethylene oxide amines, polyethylene oxide
amides, and dimethicone copolyols.

The ink-jet ink set of Claim 1, wherein said first or-
ganic co-solvent and said second organic co-sol-
vent independently each comprise at least one
compound selected from the group consisting of
aliphatic alcohols, aromatic alcohols, diols, glycol
ethers, poly(glycol) ethers, caprolactams, forma-
mides, acetamides, and long chain alcohols.

The ink-jet ink set of Claim 1, wherein said first am-
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phiphile is selected from the group consisting of ion-
ic surfactants, non-ionic surfactants, ionic am-
phiphiles, and non-ionic amphiphiles.

The ink-jet ink set of Claim 1, wherein said second
amphiphile is selected from the group consisting of
cationic, anionic, and non-ionic amphiphiles.

The ink-jet ink set of Claim 1, wherein said high mo-
lecular weight colloid is selected from the group
consisting of alginic acid salts and derivatives there-
of, mannuronic acid and derivatives thereof, cara-
geenan and derivatives thereof, guar gum and de-
rivatives thereof, xanthan gum and derivatives
thereof, dextran and derivatives thereof, chitin and
derivatives thereof, chitosan and derivatives there-
of, carboxymethylcellulose and derivatives thereof,
and nitromethylcellulose and derivatives thereof.

The ink-jet ink set of Claim 1, wherein said agent
for increasing ionic strength of said non-black ink is
either (a) an inorganic salt selected from the group
consisting of monovalent and multivalent chlorides,
fluorides, bromides, nitrates, and tosylates of alkali
metals and alkaline earths or (b) an organic acid se-
lected from the group consisting of organic acids,
mono and polyfunctional acids, and hydroxy acids.

A method of ink-jet printing comprising printing on
a medium with said ink-jet ink set of Claim 1.

Patentanspriiche

1.

Ein Tintenstrahltintensatz, der zumindest zwei Tin-
ten zur Verwendung mit Tintenstrahldruckern auf-
weist:

(a) eine schwarze Tinte, die folgende Merkmale
aufweist:

(i) ein erstes Tragermittel, das (1) etwa 0,1
bis 50 Gewichtsprozent zumindest eines
im wesentlichen wasserunléslichen orga-
nischen Ols, (2) 0 bis etwa 50 Gewichts-
prozent zumindest eines ersten organi-
schen Hilfslésungsmittels, (3) 0 bis etwa 40
Gewichtsprozent zumindest eines ersten
Amphiphils und (4) 0 bis etwa 3 Gewichts-
prozent zumindest eines Kolloids mit ho-
hem Molekulargewicht aufweist;

(i) etwa 0,5 bis 20 Gewichtsprozent zumin-
dest eines schwarzen Farbmittels, das im
wesentlichen aus schwarzen Pigmentpar-
tikeln besteht, deren Oberflache chemisch
behandelt wurde, um ionische funktionelle
Gruppen zu ersetzen, was zu einer Was-
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serloslichkeit der Pigmentpartikel fihrt;
und

(iii) als Rest Wasser,

wobei die erste Tinte als eine Mikroemul-
sion der Komponenten vorliegt, und

(b) zumindest eine zweite, nicht-schwarze Tin-
te, die folgende Merkmale aufweist:

(i) ein zweites Tragermittel, das 0 bis etwa
50 Gewichtsprozent zumindest eines zwei-
ten organischen Hilfsldsungsmittels und 0
bis etwa 40 Gewichtsprozent zumindest ei-
nes zweiten Amphiphils aufweist;

(ii) etwa 0,5 bis 20 Gewichtsprozent zumin-
dest eines nicht-schwarzen Farbmittels,
das im wesentlichen aus einem wasserlés-
lichen farbigen Farbstoff oder einem che-
misch modifizierten, wasserldslichen Farb-
pigment besteht;

(iii) ein Mittel zum Erhéhen der lonenstarke
der nicht-schwarzen Tinte; und

(iv) als Rest Wasser.

Der Tintenstrahltintensatz gemal Anspruch 1, der
die schwarze Tinte und drei nicht-schwarze Tinten
- Cyan, Gelb und Magenta - aufweist.

Der Tintenstrahltintensatz gemaf Anspruch 1, bei
dem das Farbmittel, schwarz oder nicht-schwarz,
entweder (a) anionisch ist und einem Gegenion zu-
geordnet ist, das aus der Gruppe ausgewahlt ist,
die aus Alkalimetallionen, Erdalkalimetallionen,
substituierten Ammoniumionen und nichtsubstitu-
ierten Ammoniumionen besteht, oder (b) kationisch
ist und einem Gegenion zugeordnet ist, das aus der
Gruppe ausgewahlt ist, die aus Halid-, Sulfat-, Ni-
trat-, Phosphat-, Sulfonat-, Carboxylat-, Carbonat-,
Bicarbonat-, Borat-, Tetraborat-, Tetrafluorborat-,
Methansulfonat-, Methylbenzensulfonat-, Phos-
phit-, Phosphonat-, Hexafluorphosphonat-, Per-
chlorat-, Wolframat-, Molybdat- und Silikationen be-
steht.

Der Tintenstrahltintensatz gemaf Anspruch 1, bei
dem das organische Ol zumindest eine Verbindung
aufweist, die aus der Gruppe ausgewahlt ist, die
aus Glycolethern, Phenylethern, Poly(glycol)
ethern, Alkylethern, Arylethern, Alkylarylethern, Al-
kylestern, Arylestern, Poly(glycol)estern, Alkylphe-
nylpolyethylenoxiden, Polyethylenoxid, wasserun-
I6slichen acetylenischen Polyethylenoxiden, Polye-
thylenoxid-Blockcopolymeren, Polyethylenoxide-
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stern, Polyethylenoxiddiestern, Polyethylenoxida-
minen, Polyethylenoxidamiden und Dimethiconco-
polyolen besteht.

Der Tintenstrahltintensatz gemaf Anspruch 1, bei
dem das erste organische Hilfsldsungsmittel und
das zweite organische Hilfslésungsmittel unabhan-
gig voneinander jeweils zumindest eine Verbindung
aufweisen, die aus der Gruppe ausgewahlt ist, die
aus aliphatischen Alkoholen, aromatischen Alkoho-
len, Diolen, Glycolethern, Poly(glycol)ethern, Ca-
prolactamen, Formamiden, Acetamiden und lang-
kettigen Alkoholen besteht.

Der Tintenstrahltintensatz gemaR Anspruch 1, bei
dem das erste Amphiphil aus der Gruppe ausge-
wahlt ist, die aus ionischen Tensiden, nichtioni-
schen Tensiden, ionischen Amphiphilen und
nichtionischen Amphiphilen besteht.

Der Tintenstrahltintensatz gemaR Anspruch 1, bei
dem das zweite Amphiphil aus der Gruppe ausge-
wahlt ist, die aus kationischen, anionischen und
nichtionischen Amphiphilen besteht.

Der Tintenstrahltintensatz gemafl Anspruch 1, bei
dem das Kolloid mit hohem Molekulargewicht aus
der Gruppe ausgewahlt ist, die aus Alginsauresal-
zen und Derivaten derselben, Mannuronsaure und
Derivaten derselben, Carrageenan und Derivaten
desselben, Guaran und Derivaten desselben,
Xanthan und Derivaten desselben, Dextran und De-
rivaten desselben, Chitin und Derivaten desselben,
Chitosan und Derivaten desselben, Carboxyme-
thylzellulose und Derivaten derselben und Nitrome-
thylzellulose und Derivaten derselben besteht.

Der Tintenstrahltintensatz gemafl Anspruch 1, bei
dem das Mittel zum Erhéhen der lonenstarke der
nicht-schwarzen Tinte entweder (a) ein anorgani-
sches Salz ist, das aus der Gruppe ausgewahlt ist,
die aus einwertigen und mehrwertigen Chloriden,
Fluoriden, Bromiden, Nitraten und Tosylaten von Al-
kalimetallen und Erdalkalien besteht, oder (b) eine
organische Saure ist, die aus der Gruppe ausge-
wahlt ist, die aus organischen Sauren, mono- und
polyfunktionellen Sauren und Hydroxysauren be-
steht.

Ein Verfahren zum Tintenstrahldrucken, das ein
Drucken auf ein Medium mit dem Tintenstrahltinten-
satz geman Anspruch 1 umfaft.

Revendications

1.

Jeu d'encres pour impression par jet d'encre com-
prenant au moins deux encres pour une utilisation
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avec des imprimantes a jet d'encre :
(a) une encre noire comprenant :

(i) un premier véhicule comprenant (1) en-
viron 0,1 a 50% en poids d'au moins une
huile organique essentiellement insoluble
dans l'eau, (2) 0 a environ 50% en poids
d'au moins un premier co-solvant organi-
que, (3) 0 a environ 40% en poids d'au
moins une premiere substance amphiphi-
le, et (4) 0 a environ 3% en poids d'au
moins un colloide a masse moléculaire
élevée ;

(i) environ 0,5 a 20% en poids d'au moins
un colorant noir qui se compose essentiel-
lement de particules de pigment noir, dont
la surface a été chimiquement traitée pour
remplacer les groupes fonctionnels ioni-
ques aboutissant a I'hydrosolubilité des
particules de pigment ; et

(iii) le complément en eau,

dans lequel ladite premiere encre existe en tant
que microémulsion desdits composants, et
(b) au moins une deuxiéme encre non noire
comprenant :

(i) un deuxiéme véhicule comprenant 0 a
environ 50% en poids d'au moins un
deuxiéme co-solvant organique et 0 a en-
viron 40% en poids d'au moins une deuxié-
me substance amphiphile ;

(i) environ 0,5 a 20% en poids d'au moins
un colorant non noir composé essentielle-
ment d'un colorant de couleur hydrosoluble
ou un pigment de couleur hydrosoluble chi-
miguement modifié ;

(iii) un agent augmentant la concentration
ionique de ladite encre non noire ; et

(iv) le complément en eau.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, comprenant ladite encre noire et
trois encres non noires : cyan, jaune et magenta.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ledit colorant, noir
ou non noir, est soit (a) anionique et est associé a
un contre-ion choisi dans le groupe formé par les
ions des métaux alcalins, les ions alcalino-terreux,
les ions ammonium substitués et les ions ammo-
nium non substitués, soit (b) cationique et est asso-
cié a un contre-ion choisi dans le groupe formé par
les ions halogénure, sulfate, nitrate, phosphate, sul-
fonate, carboxylate, carbonate, bicarbonate, bora-
te, tétraborate, tétrafluoroborate, méthanesulfona-
te, méthylbenzénesulfonate, phosphite, phospho-
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nate, hexafluorophosphonate, perchlorate, tungs-
tate, molybdate et silicate.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ladite huile organi-
que comprend au moins un composé choisi dans le
groupe formé par les éthers de glycol, les éthers
phényliques, les éthers de poly(glycol), les éthers
alkyliques, les éthers aryliques, les éthers alkyla-
ryliques, les esters alkyliques, les esters aryliques,
les esters de poly(glycol), les poly(oxyde d'éthyle-
ne)alkylphényle, le poly(oxyde d'éthyléne), les poly
(oxyde d'éthyléne) acétyléniques insolubles dans
I'eau, les copolyméres séquencés de poly(oxyde
d'éthyléne), les esters de poly(oxyde d'éthylene),
les diesters de poly(oxyde d'éthylene), les poly(oxy-
de d'éthylene)amines, les poly(oxyde d'éthylene)
amides et les diméthiconecopolyols.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ledit premier co-sol-
vant organique et ledit deuxieme co-solvant orga-
niqgue comprennent chacun indépendamment au
moins un composé choisi dans le groupe formé par
les alcools aliphatiques, les alcools aromatiques,
les diols, les éthers de glycol, les éthers de poly(gly-
col), les caprolactames, les formamides, les acéta-
mides et les alcools a longue chaine.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ladite une premiére
substance amphiphile est choisie dans le groupe
formé par les tensio-actifs ioniques, les tensio-actifs
non ioniques, les substances amphiphiles ioniques
et les substances amphiphiles non ioniques.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ladite deuxiéme
substance amphiphile est choisie dans le groupe
formé par les substances amphiphiles cationiques,
anioniques et non ioniques.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ledit colloide a mas-
se moléculaire élevée est choisi dans le groupe for-
mé par les sels d'acide alginique et leurs dérivés,
I'acide mannuronique et ses dérivés, la carraghéni-
ne et ses dérivés, la gomme guar et ses dérivés, la
gomme xanthane et ses dérivés, le dextrane et ses
dérivés, la chitine et ses dérivés, le chitosan et ses
dérivés, la carboxymeéthylcellulose et ses dérivés et
la nitrométhyl-cellulose et ses dérivés.

Jeu d'encres pour impression par jet d'encre selon
la revendication 1, dans lequel ledit agent augmen-
tant la force ionique de ladite encre non noire est
soit (a) un sel inorganique choisi dans le groupe for-
mé par les chlorures, les fluorures, les bromures,
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les nitrates et les tosylates monovalents et multiva-
lents des métaux alcalins ou alcalino-terreux soit (b)
un acide organique choisi dans le groupe formé par
les acides organiques, les acides mono- et poly-
fonctionnels et les hydroxyacides.

Procédé d'impression par jet d'encre consistant a
imprimer sur un milieu avec ledit jeu d'encres pour
impression par jet d'encre selon la revendication 1.
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